POLYMER ELECTROLYTE FUEL CELL AND PREPARATION METHOD 
FOR POLYMER ELECTiROLYTE FUEL CELL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a preparation 
method for a polymer electrolyte fuel cell (hereinafter 
referred to as PEFC) which uses as a fuel such a reducing 
agent as pure hydrogen or reform hydrogen obtained from 
methanol or a fossil fuel and uses air, oxygen or the like 
as an oxidizing agent; 

2. Description of Related Art 

A PEFC is of a structure which comprises as the 
hydrogen electrode and the oxygen electrode a membrane 
electrode assembly (hereinafter referred to as MEA) 
comprising a polymer electrolyte membrane, which is an 
electrolyte, and a gas diffusion electrode bonded to each 
other, and additionally means for supplying such a reducing 
agent as pure hydrogen or reform hydrogen as a fuel and 
supplying air, oxygen or the like as an oxidizing agent. 

In a PEFC, reactions represented by the formula 
(1) and the. formula (2) take place respectively at the 
negative electrode and the positive electrode. 

2H'' + 2e" (1) 
I/2O2 + 2H* + 2e- ^ H2O (2) 



Protons generated at the negative electrode move 



- 2 - 

to the positive electrode via the polymer electrolyte 
membrane. When the bonding of. the polymer electrolyte 
membrane and the gas diffusion electrode to each other is. 
insufficient, the movement of protons proceeds with 
5 difficulty at the interface of the electrode and the 

polymer electrolyte membrane, and resultantly the internal 
resistance of the cell increases. 

At the bonding interface of the polymer 
electrolyte and the electrode, there is formed a three 

10 phase (namely, pores which are paths for supplying reaction 
gases, polymer electrolyte and electrode) interface where a 
catalytic reaction takes place. The area of the three 
phase interface is governed by the state of bonding of the 
polymer electrolyte membrane and the gas diffusion 

15 electrode to each other. Therefore, the state of bonding 
of the polymer electrolyte membrane and the gas diffusion 
electrode in an MEA greatly influences on the character- 
istic property of a PEFC. 

A prior preparation method for an MEA is 

20 disclosed, for example, in JP-A-6-203 849 , JP-A-8-88011 or 
JP-A-8-106915 , which comprises putting a polymer 
electrolyte membrane between gas diffusion electrodes and 
subjecting the resulting system to hot pressing at a 
pressure predetermined within the range of 25-200 kgf /cra^ 

25 and at a temperature predetermined within the range of 

120-200 **C, to bond the polymer electrolyte membrane and the 
gas diffusion electrodes. 



li 
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BRIEF SUMMARY OF THE INVENTION 

In the MEA prepared by the prior methods, 
however, bonding of the polymer electrolyte membrane and 
the catalyst layer of the gas diffusion electrode at their 
5 interface is insufficient and moreover the three phase 
interface does not assume a three-dimensional structure 
sufficiently. In the prior cells, therefore, the internal 
resistance is high, the utilization ratio of the catalyst 
is low, and a satisfactory cell output characteristic is 

10 not obtained. 

The object of the present invention is to provide 
a method of bonding a polymer electrolyte membrane and a 
gas diffusion electrode to each other which can improve the 
state of bonding between the polymer electrolyte membrane 

15 and the gas diffusion electrode to decrease the internal 
resistance and, at the same time, to make the three phase 
interface assume a three-dimensional structure thereby to 
increase the reaction area, and can resultantly materialize 
a higher output PEFC, and to provide a fuel cell obtained 

20 by using the method. 

To attain the above-mentioned object, the present 
invention provides a preparation method for a polymer 
electrolyte fuel cell which comprises, in the step of 
bonding gas diffusion electrodes to the both sides of a 

25 polymer electrolyte membrane by means of hot pressing, the 
step of bringing the polymer electrolyte membrane and the 
gas diffusion electrodes to a bonding temperature while 
applying a pressure to the membrane and electrodes, and the 
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Step of applying thereto a bonding pressure not lower than 
the pressure applied in the preceding step after the 
bonding temperature has been reached. 

The present invention also provides a polymer 
5 electrolyte fuel cell which uses a membrane electrode 

assembly, comprising a polymer electrolyte membrane and gas 
diffusion electrodes, prepared by the above-mentioned 
method. 

According to the present invention, the state of 
10 bonding of the polymer electrolyte membrane and the gas 
diffusion electrode to each other is improved, whereby an 
MEA can be obtained wherein the internal resistance is 
decreased and the three phase interface is made to assume a 
three-dimensional structure to increase the reaction area, 
15 and a PEFC with a higher output can be materialized. 

BRIEF DESCRIPTION OF THE SEVERAL VIEW OF THE DRAWINGS 

Fig. 1 is a graph showing the relation between 
the pressing pressure and the internal resistance. 

Fig. 2 is a graph showing the relation between 
20 the pressing pressure and the current density in the 
activation polarization region. 

Fig. 3 is a graph showing the current density- 
voltage curve. 

DETAILED DESCRIPTION OF THE INVENTION 
25 The aspect of the present invention described in 

Claim 1 relates to a method of bonding a polymer 
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electrolyte membrane and a gas diffusion electrode to each 
other which comprises, in the step of bonding the gas 
diffusion electrode to 'the both sides of the polymer 
electrolyte membrane by means of hot pressing, (1) the step 
5 of bringing the polymer electrolyte membrane and the gas 
diffusion electrodes to a bonding temperature while 
applying a pressure to the membrane and electrodes and 
(2) the step of applying thereto a bonding pressure not 
lower than the pressure applied in the preceding step (1) 
10 after the bonding temperature has been reached. According 
to the above-mentioned method of bonding, an MEA which has 
a low internal resistance and a large reaction area can be 
obtained. 

In the present invention, the terms "bonding 
15 pressure" and "bonding temperature" respectively refer to 
the pressure and temperature required at the time of 
bonding electrodes to the both sides of a polymer 
electrolyte membrane by means of hot pressing. These 
rpressurel and temperature may /somewhat vary depending on the 
20 shape and kind of the polymer electrolyte and the bonding 
time and so on, but they can be easily determined 
experimentally by those skilled in the art. 

The above-mentioned pressure not higher than the 
bonding pressure in the step (1) (hereinafter referred to 
25 pressure a) is preferably 5-75 kgf/cm^, more preferably 
20-75 kgf/cm^. After the bonding temperature has been 
reached, the above-mentioned pressure a may be immediately 
increased to proceed to the step (2) or alternatively the 
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pressure a may be maintained for some time and then 
increased to proceed to the step (2). However ^ the sum of 
the pressure application time is preferably controlled to 
amount to 1-20 minutes, more preferably 5-10 minutes. The 
5 pressure a may vary somewhat within the range of 5-75 
kgf/cm^ so long as it is not higher than the bonding 
pressure; for example, the pressure may be gradually 
increased to approach the pressure of the step (2). . 

The bonding pressure b at the above-mentioned 
10 step (2) is not particularly restricted so long as it is 
higher than the pressure a, but it is preferably 20-150 
kgf/cm^, more preferably 20-100 kgf/cm^. Like- in the case 
of pressure a, the pressure may somewhat varyi in the above- 
mentioned range. The pressure application time is 
15 preferably 1-20 minutes, more preferably 1-10 minutes. 

The aspect of the present invention described in 
Claim 3 relates to^ a PEFC which uses the MEA prepared 
according to the"' method of Claim 1 or Claim 2; since the 
MEA has a low internal resistance and large reaction area, 
20 a high output PEFC can be obtained. 

The reason for the low internal resistance can be 
considered as follows. The thickness of an MEA undergoes 
no change by the pressing pressure (pressure a) in the 
temperature increasing period; if the pressure applied in 
25 the temperature increasing period is not lower than 5 

kgf/cm^, the polymer electrolyte in the polymer electrolyte 
membrane and the electrode catalyst layer and the polymer 
electrolyte in the electrode catalyst layer approach each 



other, causing entanglement of molecular chains with each 
other due to molecular motion to take place more easily. 
Consequently the state of bonding of the polymer 
electrolyte in the polymer electrolyte membrane and the 
electrode catalyst layer and the polymer electrolyte in the 
electrode catalyst layer to each other is improved, result- 
ing in improved proton conductivity and low internal 
resistance. 

On the other hand, the reaction area increases 
with the increase of the pressure applied in the tempera- 
ture increasing period, and the current density in the 
activation polarization region is proportional to the 
reaction area of the platinum catalyst of the MEA. This is 
conceivably because, by the pressure application in the 
temperature increasing period, theCpo^'^j:3iCt Lgji'^ of the 
polymer electrolyte particles in the catalyst layer caused 
by (evaporation of solvent and water was suppre^^^^^ 
resultantly the contact area of the particles with platinum 
increased. 

However, when the pressing pressure is too high^ 
as high as 75 kgf/cm^ or more, the gas channels in the 
electrode catalyst layer and carbon paper are collapsed and 
the gas diffusion is hindered. 

From the foregoing, for preparing an MEA having a 
low internal resistance and large reaction area, the 
pressure applied in the temperature increasing period 
should be not higher than the bonding pressure and prefer- 
ably in the above-mentioned range. 
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Some preferred embodiments of the present 
invention are described below- 



- Embodiment 1 

Carbon powder carrying a platinum catalyst is 
5 mixed with N-butyl acetate to obtain a liquid dispersion of 
the platinum catalyst. While the liquid dispersion is 
being stirred with a magnetic stirrer an alcohol solution 
of a polymer electrolyte is added in drops thereto^ and 
then the resulting mixture is made into the form of paste 

10 by using an ultrasonic dispersing machine. The paste is 
coated on one side of a carbon paper to which tetrafluoro- 
ethylene-hexaf luoropropylene copolymer (hereinafter 
referred to as FEP) has been melt-bonded beforehand, and 
then dried to obtain a gas diffusion electrode. A polymer 

15 electrolyte membrane is put between two electrodes prepared 
as described above, and the resulting system is pressed by 
using a hot press at 5-75 kgf/cm^ until the . temperature 
reaches 120-170**C, and then bonded by a hot press at 20-150 
kgf/cm^. The MEA obtained through the above-mentioned steps 

2 0 has a low internal resistance and large reaction area, and 
hence can give a higher output PEFC. 



EXAMPLES 

The present invention is described below with 
reference to Examples. 
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Example 1 . 

A carbon powder carrying 10-30% by weight of a 
platinum catalyst was mixed with N-butyl acetate to give a 
weight ratio of platinum to N-butyl acetate of 1 to 120, to 
5 obtain a liquid dispersion of the platinum catalyst. While 
the liquid dispersion was being stirred with a magnetic 
stirrer, an alcohol solution of a polymer electrolyte was 
added in drops thereto until the ratio of amount of the 
platinum to the polymer electrolyte reached 1 : 2. Then 

10 the resulting mixture was made into the form of paste by 
using an ultrasonic dispersing machine. The alcohol 
solution of polymer electrolyte used was "5% NAFION 
solution" (a trade name, mfd. by Aldrich Chemical Co., 
Ltd., USA). The paste was coated on one side of a carbon 

15 paper (mfd. by Toray K.K.) to which 20-60% by weight, of FEP 
had been melt-bonded beforehand, and then dried to obtain a 
gas diffusion electrode. A perf luorocarbonsulf onic acid 
membrane, as a polymer electrolyte membrane, was put 
between two electrodes prepared as described above, and^'the 

20 resulting system'^^was brought up to 150°C at a temperature 

increasing rate of 20**C/min while being pressed at 5 kgf/cm^ 
by use of a hot press. The pressure application time at 5 
kgf/cm^ was 6.5 minutes. After brought to 150°C, the system 
was hot-pressed at 50 kgf/cm^ for 5 minutes. The polymer 

25 electrolyte membrane used was NAFION 112 (a trade name, 
mfd. by Du Pont as Nemours, E.I. Co., USA). A PEFC was 
prepared by using the MEA thus obtained and was designated 
as cell A. 
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Example 2 

A cell B was prepared in the same manner as in 
Example 1 except for changing the pressure applied in the 
temperature increasing period to 20 kgf/cm . 

5 Example 3 

A cell C was prepared in the same manner as in 
Example 1 except for changing the pressure applied in the 
temperature increasing period to 50 kgf/cm . 

Example 4 

IQ A cell D was prepared in the same manner as in 

Example 1 except for changing the pressure applied in the 
temperature increasing period to 75 kgf/cm' and the pressure 
applied after completion of temperature increase to 100 
kgf/cm'. 

15 Comparative Example 1 

A cell E was prepared in the same manner as in 
Example 1 except for changing the pressure applied in the 
temperature increasing period to 0 kgf/cm . 



20 



Comparative Example 2 

A cell F was prepared in the same manner as in 
Example 4 except for changing the pressure applied in the 

2 

temperature increasing period to 0 kgf/cm . 
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comparative Example 3 

A cell G was prepared in the same manner as in 
Example 4 except for changing the pressure applied in the 
temperature increasing period to 100 kgf/cm^ 
5 The cells A, B, C, D, E, F and G prepared above 

were operated by using warmed and humidified hydrogen 
(normal pressure) and oxygen (normal pressure) to examine 
their characteristic properties. A curve showing the 
pressure applied in the temperature increasing period vs. 
10 the internal resistance is shown in Fig. 1, a curve showing 
the pressure applied in the temperature increasing period 
vs. the current density in the activation polarization 
region in Fig. 2, and. a curve of the current vs. the 

voltage in Fig. 3. 
^5 Fig. 1 is a plot of the internal resistance at 

200 mA/cm^ vs. the pressure applied in the temperature 
increasing period. Fig. 1 reveals that the internal 
resistance decreases as the pressure applied in the 
temperature increasing period increases. Besides, no 
20 change was observed in the thickness of the MEA irrespec- 
tive of the pressure applied in the temperature increasing 
period. Therefore, it is considered that in the cells A, 
B, C, D and G, wherein the pressure applied in the 
temperature increasing period was 5 kgf/cm^ or more, the 
25 polymer electrolyte in the polymer electrolyte membrane and 
the electrode catalyst layer and the polymer electrolyte in 
the electrode catalyst layer approached each other, causing 
entanglement of molecular chains with each other due to 



- 12 - 

molecular motion to take place more easily; consequently 
the state of bonding of the polymer electrolyte in the 
polymer electrolyte membrane and the electrode catalyst 
layer and the polymer electrolyte in the catalyst layer to 
5 each other was improved, leading to improved proton conduc- 
tivity and resultant low internal resistance. 

Fig. 2 is a plot of the current . density in the 
activation polarization region at a cell voltage, corrected 
for internal resistance, of 850 mV vs. the pressure applied 

10 in the temperature increasing period. The current density 
in the activation polarization region is proportional to 
the reaction area of the platinum catalyst of MEA. There- 
fore, the result shown in Fig. 2 reveals that the reaction 
area increase as the pressure applied in the temperature 

15 increasing period increases, the area obtained at pressures 
of 20 kgf/cm^ or more being 2.68 times that at 0 kgf/cm^. 
Since the platinum catalyst used was the same and the 
amount of platinum was also the same, the above-mentioned 
result shows that the reaction area increased as the 

2 0 pressure applied in the temperature increasing period 

increased. This is conceivably because the application of 
pressure in the temperature increasing period, suppressed^' 
the .contraction of the polymer electolyte particles in the 
catalyst layer tcaused by evaporation of solvent, and waterT^ 

25 and resultantly the contact area of the particles with 
platinum increased. 

From the above-mentioned results shown by Figs. 1 
and 2, it is revealed that MEAs having a low internal 
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resistance and a large reaction area can be obtained when 
the pressure applied in the temperature increasing period 
is 5 kgf/cm^ or more. From the result of Fig. 3 showing 
voltage vs. current density, it is observed that the cell G 
5 prepared at a pressure, applied in the temperature increas- 
ing period, of 100 kgf/cm^ has a poor characteristic 
property in the high current density region. This is 
conceivably because the too high pressure causes the gas 
channels in the electrode catalyst layer and the carbon 

10 paper to collapse and resultantly hinders gas diffusion. 

From the results described above, it is observed 
that, for preparing MEAs having a low internal resistance 
and a high reactivity, a good effect is obtained when the 
pressure applied in the temperature increasing period is 

15 not lower than 5 kgf/cm^ and hot higher than 75 kgf/cm^ and 
the effect is particularly distinctive when the pressure is 
20-75 kgf/cm^. 

Though the present invention was explained with 
platinum catalyst in the above Examples, the invention can 

20 be applied to noble metal catalysts in general, such as 
palladium or iridium catalyst. 

Though, in the above Examples, gas diffusion 
electrodes were obtained by preparing a paste comprising a 
platinum catalyst, polymer electrolyte and organic solvent, 

25 and then coating the paste on a water repellent-treated 

carbon paper, followed by drying, the present invention can 
be applied to gas diffusion electrodes in general which 
comprise noble metal catalysts and polymer electrolytes 
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' without being ll^i.ed to the preparation method used in the 

above Examples. 

Further, though the present invention was 
explained in the above Examples with perf luorocarbon- 
5 sulfonic acid resin as the polymer electrolyte, the present 
invention can be applied to cation exchange resins in 
general, including perf luorocarboncarboxy lie acid resxn, 
styrene-divinylbenzenesulfonic acid resin and styrene- 

butadienesulfonic acid resin. 
10 AS set forth above, according to the present 

invention, MEAs wherein the state of bonding of the polymer 
electrolyte membrane and the gas diffusion electrode to 
each other is improved and thereby the internal resistance 
is reduced and the reaction area is enlarged can be 
15 obtained and PEFCs with higher output can be materialized. 



